Amino Acids and Peptides



AMmMino acids

e AMmino acids share acommon structure

* Thedifferent chemical properties of amino
acids are the result of different properties of
their R groups, which are the basis for
categorizing amino acids as nonpolar,
aromatic, polar, positively charged, or
negatively charged

 Amino acids ionize in agueous solution
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General Structure of an Amino Acid: The R group or side
chain attached to the a carbon is different in each amino acid.
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Different conventions for showing the configurationsin space

of stereoisomers: In perspective formulas (b), the wedge-shaped bonds
project out of the plane of the paper, the dashed bonds behind it. In projection
formulas, (c) the horizontal bonds are presumed to project out of the plane of the
paper, the vertical bonds behind it.
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Stereoisomerism in g amino acids. the a Cisbonded to four different
groups and isthus achiral center. The tetrahedral arrangement of bonding
orbitals around the @ C means the four groups can occupy two different spatial
arrangements that are non-superimposible images of each other. These two
forms represent a class of stereoisomers called enantiomers, and are optically
active.
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e Amino acids share acommon structure

e The different chemical properties of amino
acids are the result of different properties of
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Aromatic R groups
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Polar, uncharged R groups
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Positively charged R groups
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Negatively charged R groups
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Properties and Conventions Associated with the Standard Amino Acids

pH, values
Abbreviated P pH1 pHg Hydropathy Occurrence
Amine acid namas M, [(—COOH]) [—MH;) iR group) pl imdag® in proteing (%)
Monpolar, aliphatic
R groups
Glycine Gly G ! 2.34 Z.a0 5487 0.4 7.2
Alaning Ala A B9 2.34 .69 &1 1.8 TR
Valine Val L1y 232 9,62 507 4.2 £.5
Lewscine lew L 131 2.36 a0 508 38 9.1
lzaleucing e | 131 2.36 .68 602 4.5 5.3
Methionine Mel M 149 228 5,21 5.74 1.2 2.3
Aromatic R groups
Phanylalanine Phe F 165 1.83 9,13 548 28 349
Tyrosineg Twvr ¥ 151 2,20 511 1000 260 1.3 4.2
Tryptophan T W 204 2.38 339 58D (BN 1.4
Palar, uncharged
R groups
Serine Ser 3 105 221 4,15 .68 0.8 6.8
Proinne P P 1132 199 10496 R ] 1. o
Threonine Thr T 119 211 3862 587 o.F 5.4
Cystzins Cys © 121 1.96 10,28 .18 507 2.5 1.4
Aspuaraging Ben M 132 202 = H0 =541 K 4.3
Glutamins Gln 3 116 2.17 .13 565 35 4.2
Positively charged
R groups
Lysine lys K 146 218 8,95 10.53 9.74 39 5.4
Histidine His H 155 1.82 8.1f . ERe s 32 2.3
Argining Az R 174 217 .04 12.48 1076 1.5 5.1
Megatively charged
R groups
Aspartate Asp DO L33 188 G.al .60 247 a5 .3
Glutamala Glu E a7 2.19 a7 4.25 322 35 £.3

“A grale combining hydrophobicity and hydeophilicity of B groups; it can be usad to measure the tendency of an amino acid bo s2ak an
agqueous environment {— valuss) or a hydrophobic envircnment (+ values). Sze Chapter 12. From Kyte, J. & Doolittle, BF (19820 J. Mol
Gial. 157, 105 - 132

Yyerage occurrence in over 1150 proteins. From Doolittle, B.F. (1983 Redundancies in protein sequences. |n Frediction of Profein
Elrvcture and the Principles of Frofein Conformation (Fasman, G.0., ed) Plenum Press, MY, pp. 599-523.



M easurement of Amino Acids and Peptides
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Absorption of Light by Molecules. The Lambert-Beer Law
The fraction of the incident light absorbed by a solution a agiven wavelength is
related to the thickness of the absorbing layer (path length) and the concentration

of the absorbing species. The absorbanceis directly proportional to the
concentration of the absorbing solute.



Absorbance of ultraviolet
light by aromatic amino
acids:

The light absorbance of
tryptophan (W) is as much as
fourfold higher than that of
tyrosine (Y). The absorbance
maximafor both W and Y
occur near awavelength of
280nm. Light absorbance by
the third aromatic amino acid,
phenylalanine (F, not shown),
generally contributes little to
the absorbance properties of
proteins.
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Reversble formation of a disulfide bond by the oxidation of two molecules
of cysteine (C): Disulfide bonds between C residues stabilize the structures of
many proteins. Note that, although C isapolar AA, the disulfide-linked
residues (Cystine) are strongly hydrophobic.
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Nonstandard amino acids found in proteins. All are derived
from standard amino acids. Extrafunctiona groups added by
modification reactions are shown in red. Desmosineisformed

from four Lysine (K) residues.
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Nonstandard amino acids:. Ornithine and Citrulline, which are not
found in proteins, are intermediates in the biosynthesis of arginine
and in the urea cycle.
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Nonionic and Zwitterionic forms of amino acids: The nonionic
form does not occur in significant amounts in agueous solutions.
The zwitterion predominates at neutral pH.



Amino Acids Have
Characteristic Titration
Curves. Shown hereisthe

titration curve of 0.1M glycine
(G) at 25°C. Thelonic species
predominating at key pointsin
the titration are shown above the

graph. The shaded boxes,

centered at about pK, = 2.34 and
PK, = 9.60, indicate the regions

of greatest buffering power.
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Methyl-substituted
earboxy] and
AMiNo groups

Carboxyl and

aming groups
in glyeine
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Kepulsion between the amino
group and the departing proton
lowers the pk, for the carboxyl
group, and oppositely charged
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aming group is abouat 10,6,
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Electronegative oxvgen atoms

in the carboxyl group pull electrons

away from the aming groug,
lowering its pk.

groups lower the pk, by stabi-
liziog the swillerion.

. Effect of the chemical environment on pK_: the pK_, valuesfor the ionizable
groupsin glycine (G) are lower than those for smple, methyl-substituted amino and
carboxyl groups. These downward perturbations of pK , are due to intramolecular
Interactions. Similar effects can be caused by groups that happen to be positioned
nearby — for example in the active site of an enzyme



Titration Curves Predict the
Electric Charge of Amino
Acids: At pH 5.97, glycineis
present predominantly asits
dipolar form, fully ionized but
with no net electric charge.
The characteristic pH at which
the net electric chargeiszero is
called the isoelectric point,
designated pl. For glycine,
which has no ionizable groups
In its side chain, the isoelectric
point issimply the arithmetic
mean of the two pK , values.
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Amino Acids Differ in Thar
Acid-Base Properties

e Amino acids with anionizable R group have more
complex titration curves, with three stages corresponding
to the three possible ionization steps; thus they have three
pK, values.

« The additional stage for thetitration of the ionizable R
group merges to some extent with the other two.

« Thelisoelectric points reflect the nature of theionizing R
groups present.
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Thisis due to the presence of
two carboxyl groups which, at 8
the average of their pK
vaues (3.22), contribute anet pu  °
negative charge of —1 that s
balances the +1 contributed
by the amino group. The pK, 2
of the R group is designated
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Titration Curvefor Histidine
(H): Thepl of Histidine, with
two groups that are positively
charged when protonated, is
7.59 (the average of the pK
values of the amino and
Imidazole groups). Note that
Histidine has an R group
(pPKg=6.0) providing significant

buffering power near neutral pH.

No other amino acid has an
lonizable side chain with a pK
value near enough to pH 7.0 to
be an effective physiological
buffer.
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